Background: Patients receiving chemotherapy experience anorexia and food aversion in their daily lives, and one of the causes is the smell of food. However, it is not clear why the aversion to these smells occurs. This study aimed to determine the emotional responses of patients when they sniff representative food odors during chemotherapy and to investigate factors influencing smell-induced food aversion. Methods: The subjects were 26 patients with lung cancer undergoing chemotherapy with carboplatin. A visual analog scale (VAS) was used to evaluate whether they felt unpleasantness, with a focus on nizakana (simmered fish) and citrus fruits odors. This evaluation was performed both before and 2 days after the patients were administered carboplatin. Results: The results revealed that the VAS scores of emotional responses due to the sniffing of each food sample did not differ significantly (P = 0.942) before and during chemotherapy. However, the smell of nizakana with added ammonia altered VAS scores of the emotional responses significantly during chemotherapy (P = 0.015). Moreover, patients with lung cancer who had a heightened level of odor awareness in their daily lives felt more unpleasantness by sniffing nizakana with added ammonia (correlation coefficient [rs] = −0.437, P = 0.026). However, patients with a lower odor awareness level felt no unpleasantness. Conclusions: The present findings suggest that patients with food aversion during chemotherapy are those with heightened odor awareness level; furthermore, this happens when they sense smells characteristic of substances harmful to the body.
Introduction
Chemotherapy can lead to various adverse events (1) (2) (3) , and alterations in taste and smell have been reported in patients receiving chemotherapy (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) . However, there are few studies on the aversion to smells in such patients (6, 11, 13, (16) (17) (18) ; it is not clear why the aversion to these smells occurs.
In 2015, we investigated the gustatory recognition threshold (sweetness, saltiness, sourness and bitterness) in patients with lung cancer during the use of anti-cancer drug (carboplatin [CBDCA] ), using a whole-mouth gustatory test (7) . However, the gustatory recognition threshold was not altered in the short-term investigation periods (before, during and after one chemotherapy cycle). Furthermore, in 2016, we investigated the odor identification performance of patients undergoing chemotherapy with FOLFIRI and mFOLFOX6 for colorectal cancer using the Odor Stick Identification Test (12-item) (6) . However, the odor identification performance was also not altered in the short-term investigation periods (before, during and after one chemotherapy cycle). At the same time, we observed the patients' emotional responses (pleasantness/ unpleasantness) using a visual analog scale (VAS) when patients sniffed one item of the Odor Stick. Subsequently, they chose the smell that they either liked or wanted to avoid. Thus, we discovered that patients do not avoid all odors, rather, the aversion of smell in patients with cancer seemed to be affected by the type and intensity of the odor. Furthermore, a study by Knaapila et al. (19) that investigated the olfactory function, reported that the self-ratings of olfactory function reflected odor annoyance rather than olfactory acuity. They concluded that the evaluation of olfactory function showed a discrepancy between subjective and objective measures. Based on these findings, we assume that during chemotherapy, patients who complain of taste abnormalities may be affected by unpleasantness due to odorous substances while chewing food. The patients might confuse their gustatory senses with their olfactory senses when they sense the smells from chewing food. This route of olfactory senses has been referred to as retronasal olfaction (20, 21) . Small et al. (20) reported that the illusion, that retronasally perceived odors are localized in the mouth is so powerful, that people routinely mistaken retronasal olfaction for 'taste. ' Additionally, a previous study in Japan (22) , which investigated the preference for foods in patients receiving chemotherapy found anorexia in 66% of patients, aversion to the smell of fish dishes occurred in 29% of patients, while 73% of patients liked fruits. Although each country has its own distinct food culture, another previous study in Poland (23) showed that the preference for foods in patients receiving chemotherapy was not a dislike for fish dishes, and that they had come to using boiling and roasting food-preparation methods more frequently in their cooking. These findings suggest that, with regard to the smell of Japanese food, simmered/boiled seasoned fish dishes (nizakana) are most apt to trigger nausea in patients receiving chemotherapy. We therefore consider that this is because small amounts of ammonia odor during the production of dark soy sauce during microbial fermentation might induce unpleasantness; or if fish ferments overtime, ammonia might result, which can dissolve in the broth.
In the light of the aforementioned observations, we focused on simmered/boiled seasoned fish dishes (nizakana) and citrus fruits (grapefruit), to examine food odors and how they relate to anorexia and food aversion. The aim of this study was to determine the emotional responses (pleasantness/unpleasantness) when patients sniff representative food odors during chemotherapy and to investigate various factors influencing smell-induced food aversion.
Patients and Methods

Study participants and eligibility criteria
We enrolled patients with lung cancer treated with CBDCA-based chemotherapy at the National Hospital Organization Shibukawa Medical Center, Japan. Eligible patients were adults older than 20 years who could ingest food orally, did not have difficulties in communicating, and could breathe through their nose. However, the frequency of treatment or whether patients had received such treatment previously was not enquired.
Ethical considerations
In accordance with the Declaration of Helsinki, this study received approval from the Ethical Review Committee of the National Hospital Organization Shibukawa Medical Center. The following information was provided to the patients both in writing and orally: research objectives, research methods, participant benefits, any losses or burdens that they may experience, protection of personal information, and that it would be possible to withdraw from the study even after giving consent. The study was conducted only once the participants had provided their written consent.
Survey methods
Selection of food samples used in this study
We selected four food-sample types, including, nizakana (simmered/ boiled seasoned fish), vegetable nimono (simmered/boiled seasoned vegetables), tomato juice and grapefruit juice. A previous study (22) reported that fish dishes typically result in food aversion among patients, while citrus fruit is typically easy to eat during chemotherapy. Furthermore, we reported that cancer patients claim that 'I may somehow eat if it is fruit' or 'Do not bring nizakana close' (24); thus we focused on nizakana and grapefruit. The grapefruit juice was raw grapefruit of ruby from South Africa, was introduced into the market, and had consistent quality. Furthermore, we adopted tomato juice that has an odor similar to the odor intensity level of nizakana, and vegetable nimono, to compare with nizakana. The tomato juice was 100% tomato juice of the KAGOME Company, which also had consistent quality.
We chose frozen flatfish from Alaska as an ingredient of nizakana, which is cooked frequently at home, and has consistent quality. Furthermore, an ingredient, vegetable nimono, which was introduced into the market and was commonly used at home, was chosen from Japan.
Cooking methods
The ingredients of nizakana consisted of 80 g of frozen flatfish, 15 g of sugar, 35 ml of cooking sake, 35 ml of dark soy sauce and 350 ml of water. These ingredients were boiled together and simmered for 20 min and then cooled to room temperature; from this, 5 ml of broth was extracted. The ingredients of vegetable nimono consisted of 70 g of komatsuna (Japanese mustard spinach), 20 g of carrots and 15 g of fresh shiitake mushrooms combined with the same seasoning used for the nizakana and in the same amounts. These were then boiled together and simmered for 20 min and then cooled to room temperature; from this, 5 ml of broth was also extracted.
Handling of the food samples
The food samples prepared for use in this study consisted of 5 ml each of the aforementioned four foods. In addition, four more samples, into which 0.1% of ammonia was infused were developed using these four foods, making a total of eight food-sample types. Once the food samples were prepared, 5 ml of each sample was added to a clear jar and frozen. The samples were thawed to room temperature the day before testing. To avoid visual artifacts from the colors in the food samples, the samples were transferred to a reddish-brown jar before the test was conducted.
Ammonia odor is the smell associated with the decays or fermentation of protein in food; however, it is quite difficult to obtain this ammonia odor using analytical instruments. Therefore, we tried to add ammonia directly to ensure the presence of the ammonia odor. The suitable concentration of ammonia to be added to the foods was determined by a gradual increase in ammonia solution concentration alone, with a subsequent measurement using the fragrance and flavor analyzer FF-2020S system (Shimadzu Corporation, Kyoto) (24); the device contamination alert was raised when the solution reached a concentration level of 0.2%, causing the measurement to be aborted. Thus, the ammonia added to the samples in this study was maintained at a concentration of 0.1%. This is because ammonia concentration level of 0.2% is higher than the level humans would normally encounter in their daily lives.
Measurement of the intensity of the odorous substance
We used the fragrance and flavor analyzer system (25) for the odor analysis of the food samples. The food samples to be measured were added into a sample bag that was subsequently filled with 2 l of purified air and allowed to stand for 60 min. An odor index, which indicates the number of times an odor would need to be diluted before it becomes odorless, was used to represent the intensity of the odorous substance. The corresponding odor index was the value measured with the fragrance and flavor analyzer system.
Exposure method to food samples
The test was conducted at the bedside of the patients. The patients opened the cover of the dark brown bottle containing each food sample and smelled it. The samples were sniffed in the following order: nizakana, grapefruit, vegetable nimono and tomato juice. It has been reported that if one odor is sniffed continuously, the sensitivity of the olfactory senses tends to decrease after a few minutes (26) ; thus, in this study, there was an interval (of~30 s or more) between each sniff.
Assessment
Timing of the survey This assessment was performed twice, both before and 2 days after the patients were administered with CBDCA. The previous study, with a total of 216 patients receiving the single-day CBDCA-based chemotherapy regimen by Bois A et al. (27) reported that emesis occurred in 22% and nausea in 75% on Day 1, and that 44% of the patients reported some degree of vomiting within the 5-day observation period. Hence, we performed the investigation 2 days after the patients were administered with CBDCA.
We conducted the investigation regarding emotional responses induced by sniffing each food odor between 10:00 a.m. and 11:00 a. m. or between 2:00 p.m. and 4:00 p.m., and ensured that the sniffing did not occur 1 h before or after diet.
Assessment of the emotional responses (pleasantness/ unpleasantness) induced by sniffing each food odor Using the VAS, patients subjectively assessed how pleasant or unpleasant they felt when they sniffed each food odor. On the VAS assessment sheet provided, a 100-mm straight line was drawn across the paper-the left and right ends of the line represent 'very unpleasant' and 'very pleasant', respectively. With each food sample sniffed, patients marked along the drawn line with a symbol according to their level of pleasantness or unpleasantness. Each interval from the far-left side represent x points per x mm. Fifty points represented the halfway mark; thus, scores of <50 or >50 points indicated that unpleasantness or pleasantness was felt by the patient, respectively.
Assessment of subjectively perceived appetites and odor awareness levels (strong/weak) in daily life Patients' subjectively perceived appetites were evaluated on a score of 10 points, which represented a normal appetite with no complaints. The subjectively perceived odor awareness levels (strong/ weak) in patients' daily lives were assessed using a VAS.
Questionnaire to be completed by the patients regarding their physical condition The patients reported on their current physical condition and whether they were experiencing difficulties in nasal breathing.
Measurement of vital signs
Patients' vital signs were measured, including body temperature, arterial blood percutaneous oxygen saturation, pulse rate and blood pressure. Body temperature was measured using digital thermometer, percutaneous oxygen saturation was measured using fingertip pulse oximeter, while blood pressure and pulse rates were measured using an automatic digital manometer.
Statistical analysis
Data were analyzed using IBM SPSS Ver. 22.0 (Armonk, NY, USA) statistical analysis software. To compare the differences in patients' vital signs and blood tests, t-test was applied when the data followed the normal distribution and Wilcoxon signed-rank test was applied when the data followed a non-normal data distribution. To analyze the differences in patients' emotional responses after sniffing each of the four sample foods, the Friedman test was applied because the data were not normally distributed. Correlations between patients' odor awareness levels and the emotional responses, between blood tests and patients' appetite score, or patients' odor awareness levels were analyzed using Spearman rank correlation or Pearson product-moment correlation. The P values in all the tests were twosided, and P values <0.05 were considered significant.
Results
Participants' background attributes
During the survey period, 32 patients with lung cancer qualified to participate in this study; however, only 26 could attempt the test twice (before and during chemotherapy). Six patients were excluded for the following reasons: four could not take the second test as their condition had worsened during chemotherapy; one patient's condition had worsened by the first test, while the other patient could not breathe through the nose. Table 1 shows the participants' attributes and the names of the anti-cancer drugs that they had been administered. All patients had taken antiemetic drugs before or during chemotherapy. Table 2 shows the vital signs and blood tests for all 26 patients before and during chemotherapy. The vital signs were not significantly different between the two periods.
Food odor analysis by the fragrance and flavor analyzer system
The intensities of the odorous substances of the food samples are shown in Table 3 . The analysis showed that the highest (35.6) and lowest (26.4) odor indices were observed for grapefruit and nizakana (simmered fish) broth, respectively. Nizakana (26.4) and tomato juice (26.6) had comparable levels of intensity. Moreover, as the odor index was calculated as [10 × log 10 (dilution factor)], the logarithm for the grapefruit odor index of 35.6 was 10 3.56 = 3631.
Hence, grapefruit odor would need to be diluted with purified air 3631 times for it to become odorless. Similarly, the logarithm for nizakana broth odor (10 2.64 = 437), vegetable nimono (simmered vegetables) broth odor (10 2.78 = 603), and tomato juice odor (10 2.66 = 457)
showed that they would need to be diluted with purified air 437, 603, and 457 times, respectively, to become odorless. With the addition of 0.1% ammonia, changes were observed in vegetable nimono odorous substance intensity with a decreased odor index; however, the other food items did not change very much. 
Subjectively perceived alterations caused by chemotherapy
Comparisons of the VAS score of the emotional responses (pleasantness/unpleasantness) induced by sniffing each food odor of the ingredient alone and with ammonia added in during chemotherapy Table 4 shows the VAS scores of the emotional responses (pleasantness/unpleasantness) by each food odor sniffed during chemotherapy. The VAS scores of the four samples ranged from 44 to 48 points; however, when the pungent ammonia was added, the VAS score of nizakana (simmered fish) with added ammonia dropped to 35.5 points, indicating an increased level of unpleasantness. In contrast, the VAS score of grapefruit with added ammonia remained at 50.5 points, indicating neither pleasantness nor unpleasantness levels. Moreover, when comparing how the patients subjectively felt toward nizakana (odor index: 28.0) and tomato juice (odor index: 26.0), both with added ammonia and comparable levels of odor intensity, patients found nizakana with added ammonia to be unpleasant, whereas no unpleasantness was felt after sniffing tomato juice with added ammonia (VAS score of 35.5 and 48.0 points for nizakana and tomato juice, respectively, both with added ammonia, P = 0.013).
Subjectively perceived daily alterations in appetite caused by chemotherapy
The patients' appetites before and during chemotherapy were evaluated on a score of 10 points. The results revealed that patients subjectively perceived that their appetites had decreased significantly due to chemotherapy, before (9.0 points) and during (8.0 points) treatment (P = 0.012).
The deviation in the VAS scores of 26 patients' odor awareness level (strong/weak) The deviation in the VAS scores of the odor awareness level (strong/ weak) in the daily lives of 26 patients, during chemotherapy, is shown in Fig. 1 . The VAS scores of patients' odor awareness level dispersed to the left (very weak) or right (very strong) of the line.
Relationship between odor awareness level (strong/weak) and emotional responses (pleasantness/unpleasantness) induced by sniffing each food odor during chemotherapy Table 5 shows the relationship between the VAS scores of the odor awareness level (strong/weak) in patients' daily lives and the VAS scores of patients' emotional responses (pleasantness/ unpleasantness) induced by sniffing each food odor during chemotherapy. The relationship was hardly observed, between patients' daily odor awareness level and patients' emotional responses scores. However, a negative correlation was identified only when they smelled the odor of nizakana (simmered fish) with added ammonia. These results imply that patients who had a heightened odor awareness level in their daily lives developed an increased level of unpleasantness when they smelled only the odor of nizakana (simmered fish) with added ammonia (rs = −0.437, P = 0.026). However, during chemotherapy, patients' odor awareness level seemed to be unrelated to the blood tests associated with nutritional status or inflammation (Table 6 ).
Discussion
Chemotherapy causes anorexia in patients, as evidenced by the significant decrease in the subjective appetite score during chemotherapy compared with before treatment. In this study, we focused on one of the causes of anorexia and food aversion-the smell of food. In a previous study, Yamada et al. (22) reported that fish dishes typically result in food aversion among patients, while citrus fruit is typically easy to eat. In our study, we used four types of food samples that included nizakana (simmered fish) and grapefruit (citrus fruit), and observed alterations in the emotional responses (pleasantness/unpleasantness) induced by sniffing each food odor, in chemotherapy. Furthermore, we added pungent ammonia to each food sample and observed alterations in the emotional responses. The results revealed that the emotional responses induced by sniffing each of these four samples did not change significantly; however, significant alteration only occurred with the specific sample with added ammonia during chemotherapy. Particularly, the smell of nizakana (simmered fish) with added ammonia increased unpleasantness, whereas the smell of grapefruit (citrus fruit) with added ammonia did not. Furthermore, the smell of tomato juice with added ammonia that was similar to the odor index of nizakana The odor index, which is used to define the intensity of an odor, is an indexed representation of the number of times an odor must be diluted for it to become odorless. The corresponding odor index is the value that was measured by using the fragrance and flavor analyzer system. (simmered fish) with added ammonia did not alter unpleasantness either. Considering these results, the emotional responses (pleasantness/unpleasantness) seemed to be associated with not only the intensity of the odor, but also the odor quality.
A negative correlation was found between the odor awareness levels (strong/weak) in patients' daily lives and patients' emotional responses (pleasantness/unpleasantness) induced by sniffing nizakana (simmered fish) with added ammonia. In other words, patients with lower odor awareness in their daily lives felt no unpleasantness by sniffing nizakana (simmered fish) with added ammonia, whereas those with stronger odor awareness did. These results indicate the possibility that the food aversion caused by administering anticancer drugs occurs in patients who have hyperosmia and who sensed the specific smell. The grapefruit or tomato juice with added ammonia did not induce unpleasantness regardless of the patients' odor awareness levels; this seems to support the indication of aversion of food with the specific smell. These results also indicate the possibility that the ammonia odor, a substance harmful to the body, may be neutralized or masked depending on the ingredients in the food. This odor-neutralizing or -masking effects are suggested to be particularly strong in citrus fruits, the category to which grapefruit belongs; consequently, the patients find it easy to eat the citrus fruits.
These findings suggest that patients with food aversion during chemotherapy are those with heightened level of odor awareness. Furthermore, patients also experience aversion when they sense the smell of something that is harmful to the body. One of the likely reasons why the smell of food during chemotherapy caused nausea could include, when the patients sensed a risk to their body due to the anti-cancer drugs, patients' sensory sensitivity is heightened and their defense function is strengthened to ensure that they do not allow harmful substances to invade their body. Although we could not test the perception of smell by chewing and by breathing at deglutition [retronasal olfaction (20, 21) ] in this study, we hypothesize that these might be associated.
Finally, we consider that patients with lower odor awareness who are undergoing chemotherapy might have associated olfactory disturbances due to the anti-cancer drugs. Nakamura et al. (17) reported a patient with tegafur-induced anosmia that was found to have olfactory cleft mucosa during biopsy of the olfactory epithelium. In contrast, stronger odor awareness in patients was associated with stress response due to the anti-cancer drugs. The feature of hyperosmia might be due to the strengthening of the sensory organ for the purpose of self-defense. Another study on chemotherapy and stress response by Changxin et al. (28) showed that the concentration of glucocorticoids increased to a very high level, and failed to return to normal even after 6 months during the observation period in patients undergoing chemotherapy for 1 year. Changxin et al. (28) concluded that the sequential chemotherapy might alter endocrine function, specifically, adrenocorticotropic hormone (ACTH)-cortisol (glucocorticoid) and renin-angiotensin-aldosterone axes. Regarding stress reaction, release of the ACTH becomes higher so that glucocorticoid increases; moreover, the activation of the corticotropin-releasing hormone (CRH) stimulates the anterior lobe of the pituitary in the brain to release ACTH. In animal experiment, Britton et al. (29) reported that the CRH administration in the brain strengthens wariness. Furthermore, Cole et al. (30) reported that CRH induced fear. We speculate that the reinforcement of the CRH might induce heightened sensitivity to odors during chemotherapy.
The study has some limitations. The food samples were sniffed at room temperature, which differs from the temperature at which meals are normally provided; therefore, it is uncertain whether food samples at the normal meal temperature would yield the same results. We believe that emotional responses induced by the sniffing of food ingredient smell alone may change if we raise the temperature of the food sample. Furthermore, as this study is a preliminary study, we did not establish a well-defined sample size; however, we recruited as many subjects as possible during the study period. Regardless, the number of eligible patients appropriate for the condition were fewer than we had expected, and there were insufficient numbers of participants to allow for detailed analysis between the odor awareness levels (strong/weak) in patients' daily lives and the food aversion they experience. Additionally, it was not possible to adequately consider the effect of food preference and interindividual variability In the future, further observational studies that include a larger study population and provide food samples that are closer in temperature to that at which patients' meals are normally served are necessary. We conclude that the patients with food aversion during chemotherapy are those with heightened level of odor awareness; furthermore, this happens when they sense smells that are characteristic of substances harmful to the body. This preliminary study is expected to assist patients and their families during chemotherapy and to lead to the development of recipes that the patients can eat without food aversion at home.
